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summary

1. Introduction to KAGRA

e Performances during O3GK
e Current status of upgrades

2. KAGRA’s experience with crystalline mirrors (substrates)
* Problem encountered
e Substrate characterization
e Lessons for 3G detectors



Part 1: introduction to KAGRA



The Japanese GW detector: KAGRA

KAGRA is located near Kamioka in
Gifu prefecture, one hour drive from
Toyama. A

Kamioka

[kenoyama

Unique features:
1. Underground site
2. Cryogenic operation
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The Japanese GW detector: KAGRA

KAGRA is located near Kamioka in
Gifu prefecture, one hour drive from
Toyama. A
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The Japanese GW detector: KAGRA
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The Japanese GW detector: KAGRA

KAGRA is located near Kamioka i
Gifu prefecture, one hour drive

Toyama.
Unique features:
1. Underground site

EUALS JE_B= == Kamiokande

2. Cryogenic operation

6/6/2022 GRASS 2022 7



Last news from KAGRA

e May 2020: O3GK finished (~1Mpc BNS range)
e July — Oct. 2020: RSE trial
e Oct. 2020 -

e Opened Vacuum Chambers

e Upgrade of vibration isolation systems
* IMC commissioning

* |FO re-alignment

e X-arm single arm commissioning

* ALS commissioning

e Pcal upgrade

e PEM upgrade
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KAGRA Vibration Isolation System

Mode Cleaner

- Type-A (cryogenic)
B e

[ | Type-Bp
[ Jmpec
[ ] Others

Output
Optics
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KAGRA Suspension Types




Fixed a number of issues with
the room temperature part

* Some of the filters were stuck in O3GK
* Now fixed

e ITM top GAS filter blades were replaced
 New accelerometers for the top stages
e LVDT driver coupling reduced

 Many other messy problems (cables
touching, vacuum leaks, ...)
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Contamination of the ETMY cryostat and
mirror
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Surface Absorption Measurement of the
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Droplet stains are:
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O3GK noise budget
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O3GK Configuration: PREPMI =&y

Mode Cleaner

PRM pr2 Tt ITMY

i ITMX ETMX
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RSE lock trial

_ RSE lock ~ 2 sec
e Suspensions were

not quiet enough

* Not enough time to e
tune feedback filters  EEEER YN

e No WFS
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Alignment Sensing and Control

-

e ASC is much more difficult and messier than LSC
(Universal Truth)

e It is especially hard for KAGRA because of the _
birefringence ey e

-

POP

D/H'M/V
PR2, Y

- ITMX EDTMX

PRM

POP p-pol

: SRM
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Part 2: KAGRA experience with
crystalline mirrors



Recap on sapphire

Sapphire substrate: . oo
[2110] N
e Absorption: —

[0110]

C-plane
(0001)

—

. [101'of-
well known problem from design phases Cotane
* Birefringence: 11102
partially unexpected problem
i i ) _M-E)Iane
[1100]

A-ngne
[2110]

[1010] | ]
L =*11010]
[1120] v ~  [2110]
[0110] fi2i0] [1100]
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Growth orientation impact on opt. absorption
spatial distribution

Z . =70mm
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C-axis growth:
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Dislocation and optical absorption

Structural defects as preferential sites for the inclusion of absorbing

centers

scientific reports

6/6/2022

www.nature.com/scientificreports

| W) Check for updates

3D characterization of low optical
absorption structures in large
crystalline sapphire substrates
for gravitational wave detectors

Manuel Marchio™?*, Matteo Leonardi?, Marco Bazzan® & Raffaele Flaminio®*
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Discovery of birefringence in KAGRA

e PRC gain measured was not as expected [:I ITMY

e |TMs reflection had some p-pol

PRM PR2

] . . L
— A portion of input light in s-pol
BS ITMX _
] is converted to p-pol.
L P-pol image observed in 2019
PR3 BStransmission for s-pol is 49.96% T
BSreflectivity for p-pol is 20% (not measured) 3 ey
Forward POP . '

Almost purely s-pol (p-pol at 3e-4 level)
POP

6.1 % p-pol from ITMX single bounce
10.8 % p-pol from ITMY single bounce
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Constructing birefringence from TWE

GAT"Y(;)‘(D[ D Yoo ovu
YOO "Yo'QoT

P
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i ATco-

—fangle between input polarization
direction and e-axis) looks very random
due to the inhomogeneity of sapphire
substrate.

The PV value of |  (one-way
differential phase) is around +150nm.

There are many sharp
features, which is bad.
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ITMX single bounce

Measurement Simulation

After careful calibrations

for the TWE maps TEMOO: <10%

1st mode: ~20%
2nd mode: ~10%
Higher order: >60%

P-pol shape

Calibration from rotation error of the 0° TWE map One [ast thing, the 0° TWE map may be not measured at 0",
If there are rotation errors (HR maps indicate the error is around 3°):

20 40
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Preliminary ASC simulations (single arm

ROC and tilt x to| P-pol power
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Characterization setup at NAQOJ

Absorption:

photothermal common- E

path interferometer

Birefringence:

Single-pass polarization
rotation
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From birefringence to 3€

3€

X (vertical) [mm]
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From birefringence to 3€

3E is within original specs Correlation between absorption and
internal stress leading to birefringence
mean An and 6 le—6 Absorption and mean Mmap
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From birefringence to 3€

3€ is within original specs Correlation between absorption and
internal stress leading to birefringence
mean An and 6 le—6 Absorption and mean Mmap
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Structural defects can be the cause of both absorption and birefringence*

N
(=]

X (vertical) [mm]
o
—" e
X (vertical) [mm]

6/6/2022 GRASS 2022 33



Closing remarks

Sapphire substrates are challenging:

1. Absorption and absorption distribution depends on manufacturing
technique

2. Birefringence homogeneity is an issue for IFO control

3. Interaction with crystal makers (companies) is necessary but slow due to
the lack of interest from commercial environment

Main take-away messages:

1. Characterization of full-size substrates is necessary since many
issues seems to be size dependent

2. Whichever crystalline material will be selected for 3G detectors,
dedicated facilities for substrate productions need to be established
to approach those issues in a “scientific way”.
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